Carbonate reservoir characterization and estimation of fluid saturation seem more challenging in the low resistivity pay zone (LRPZ). The Lower Cretaceous Buwaib Formation is important reservoir in the Persian Gulf. The formation in the Salman Field is divided into three reservoir zones and four barriers and tight zones. These reservoir zones show low resistivity characteristics, high fluid saturation, but good oil production. In some intervals resistivity responses reach less than 1 ohm•m. Petrophysical properties measured from laboratory and logging tools have been combined with thin section X-ray diffraction (XRD) and PNN (Pulse Neutron Neutron). Geological studies define presence of 8 facies from wackeston to packstone. In general, reservoir potential of the Buwaib Formation is under influenced by the development of lithocodium mound facies that along with moderate to high porosity intervals. Micritization and pyritization of digenetic process along with clay-coated grains, carbonate with interstitial dispersed clay have conspicuous impact on LRPZ. Based on XRD analysis, Montmorillonite and Kaolinite of main clays types have high CEC and greater impact on lowering resistivity. To describe pore systems of rocks, the Lønøy method applied to address pore throat sizes which contain mudstone micro porosity related to lithocodium mound facies and uniform interparticle at class 3 Lucia as pore size varies from 0.2 to 10 micron. Some constraints were defined to estimate reliable water saturation that checked by sigma logs. Water saturation is 42%, 34% and 40% respectively in BL1, BL2 and BL3 zones.
Introduction
Remarkable hydrocarbon accumulations are "hidden" in the reservoir intervals with low resistivity characteristics, which are known as Low Resistivity Pay Zones (LRPZs). The LRPZ reservoirs were first discovered in a sandstone reservoir within the Gulf of Mexico [1] [2] and then in carbonate layers [3] . These zones are commonly identified with high water saturation based on interpretation of resistivity logs which makes such intervals of low interest to exploration and perforation. LRPZs take place and have reported from both clastic and carbonate reservoirs, in carbonates. It has been reported to be as a result of either or a combination of deep high saline mud invasion, presence of conductive minerals, presence of microporosity, and anisotropic effect due to drilling high angle wells within reservoirs [4] [5] . Typically, LRP zones are characterized by formation interval, with moderate to high porosities, showing extremely low resistivity less than 1 ohm meter. The Buwaib formation and its equivalents host prolific oil reserves in a number of the Persian Gulf countries, particularly in Saudi Arabia, Kuwait, and UAE [6] .
Salman Field
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Stratigraphical Setting
The Cretaceous stratigraphic successions the in Persian Gulf are normally divided into three distinct large-scale parts. 
Material and Method
This study is based on combination of petrophysical logs, cores samples (60 m) and along with 195 thin sections. For clay typing using XRD, 6 samples were analysis to define main clay types of the reservoir. In addition, 150 sample were examined by CT scanning to distinguish main features have a remarkable influence on resistivity response. Core plugs (180 samples) also examined in the Core Lab's for routine and special core analysis. To measure the porosity and permeability, Open Journal of Geology all plugs were cleaned by organic solvents (toluene and methanol). Each core plug (1.5 in. in diameter) was tested at ambient condition. In routine core analysis, porosity values are obtained by using Boyle's law. Thin sections were examined and classified based on their sedimentological and diagenetic characteristics (such as mineralogy, texture, structure, pore system, digenetic features etc.). According to the sedimentological characteristics, facies are defined and interpreted by comparing with the standard facies models. To define pore system classification, Lønøy method (2006) has been used to better combines sedimentologic and digenetic features. In order to determine water saturation in low resistivity pay zone; sigma log and capillary data have been used to address precisely water content.
Depositional Facies
Petrographic study was performed to elucidate that that reservoir was influenced by various digenetic processes, according to Dunham's classification [7] [8] . In addition, thin sections were described to assess faunal contents and rock textures. Further integration with routine core analysis gave fundamental information on the composition and micro texture of the facies. This also contributed toward understanding the diagenetic overprint and pore systems characteristics of the studied reservoir. Seven microfacies were defined from Wackeston and, Packstone to Floatstone. In these facies, the large benthic foraminifera, diverse algae, and echinoderm are main faunal elements. In addition, peloid, sponge spicule and gastropoda are present. Figure 3 . The interpreted depositional environment ranged from inner lagoon to inner shoal which it deposited in carbonate platform. Table 1 shows porosity and permeability for each facies as MF 5 and MF 6 contain the best quality of the reservoir. 
Main Digenetic Feathers on Main Factor for LRPZ Zones
The identified diagenetic process that took place includes micritization, cemen- 
Clay Types of the Reservoir
Based on XRD analysis and Thorium, potassium cross plots of petrophysical standard, the reservoir contribute of Illite, Montmorillonite and Kaolinite as main clay types that illustrate in Figure 4 .
Pore Type System
Pore-type classification systems for carbonate reservoirs are limited by the fact that the relation between porosity and permeability is poorly defined. Porosity [9] [10] of inter particle porosity has been partly incorporated into the new classification system which is based on pore size instead of grain size and sorting. Lønøy method [9] applied to address pore throat sizes which contain Inter particle uniform microporosity, Chalky Limestone, Mudstone micro porosity. Pore systems are classified at class 3 Lucia and pore size varies from 0.5 to 20 microns. Mudstone micropores have extremely small pore sizes, commonly a few micrometers in diameter, Figure 5 .
Petrophysical Interpretation
The reservoir was divided into 3 units as displayed in Figures 6-8 . The wells in the reservoir were drilled with oil base mud (OBM). The wells were cored and logged with full set logging (bulk density, neutron porosity, and resistivity) tools. The reservoir is 81 ft. thick; highly heterogeneous with moderate to good porosity as high as 25%, while the permeability ranges from 0.1 mD to more than 11 mD. The resistivity-based saturation log exhibited a water zone. Several approaches utilized to model the water saturation. Using Full set logs and Sigma log with defining some constraints petrophysical parameters led to define water saturation Figure 6 . The computed log saturation showed high water saturation; however, other data indicated the presence of hydrocarbon (e.g., mud logs and pressure gradient). For this study, the calculation of water saturation using sigma log was done using the following equation 
Conclusion
The Lucia and pore size varies from 4 to 20 micron, for defying water saturation was used sigma logs and Capillary data to do quality control. Some constraints were defined to extract reliable water saturation. In BL1, BL2 and BL3 respectively water saturation reach to 42%, 34%, and 40%. 
